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QUINAZOLINONE CONTAINING 
PHARMACEUTICAL COMPOSITIONS FOR 
PREVENTION OF NEOVASCULARIZATION 
AND FOR TREATING MAUGNANCIES 

5 

FIELD AND BACKGROUND OF THE 
INVENTION 

The pres&at invention relates to compositions containing 
quinazolinooes. More particularly, the present invention 
relates to a composition, containing a quinazolinone 
derivative, useful for the treatment of angiogenic^associated 
diseases, as well as for the treatment of malignandes, 
including inhibition of primary tumor growth, tumor pro- 
gression and metastasis. 

Malignancies arc characterized by the growth and spread 
of tumors. A number of fectots are important in the pro- 
gression of this disease- One crucial factor is angiogenesis, 
a complex process in widch. capillary blood vessels grow in 
an ordered sequence of events [J. Folkman and M. 
Klagsbrun, Science, VoL 235, pp 442-447 (1987); J. Folk- 
man and Y, Shing, /. BioL Chem., VoL 267, pp. 
10931-10934 (1992)]. Once a tumor has started, every 
increase in tumor cell population must be preceded by an 
increase in new capillaries that converge on the tumor and ^ 
supply the cells with oxygen and mitrients [J. Folkman, 
Perspect in Biol and Med.^ Vol 29, p. 10-36 (1985); J, 
FoBcroan, J. Natl Cancer Inst,, Vol 82, pp. 4-6 (1989); N. 
Weidner, et al„ Amen J. PoXhol, VsL 143, pp, 401-409 

(1993) ]. Tumors may thus remaio harmless and conJSned to 
&eir tissue of origin, as long as an accompanying angiogenic 
program is prevented from being activated. Since the 
angiogenesis-dependent step in tumor progression is ^ared 
by soHd tumors of all etiologies, the ability to inhibit 
tumor-assodated angiogenesis is a most promising approach 
in combating cancer [M. S. O'Reilly, et ai.. Cell, Vol. 79, pp. 
316-328 (1994)]. 

A substantial body of experimental evidence supports the 
hypotheaus that tumor angiogenesis is fundamental for the 
growth and metastasis of solid tumors [J. Folkman, ibid. ^ 
(1989); N. Weidner, et aL, M. (1993); M. O'Reilly, et al., 
ibid. (1994); R Weidner, et al, AT. Eng. J. Med,, Vol, 324, pp. 
1-8 (1991)]. Indeed, the majority of solid tumors are not 
even cHnically detectable until after the occurrence of 
neovascularization, whose induction m solid tumors is medi- 45 
ated by one or more angiogenic factors [J. FoWonan, ibid. 
(1987); J. Folkman and Y. Shing, ibid. (1992)]. 

Furthermore, angiogenesis is also important in a nxmiber 
of other pathological processes, including arthritis, psoriasis, 
diabetic retinopathy, chronic inflammation, scleroderma, 50 
hemangioma, retrolental fibroplasia and abnormal capillary 
proliferation in hemophiliac joints, prolonged menstruation 
and bleeding, and oilier disorders of the female reproductive 
system [J. Folkman, Nature Medicinej Vol 1, p. 27-31, 
(1995); J. W. Miller, et al.,/. Pathol, Vol 145, pp. 574-584 55 | 

(1994) ; A. P. Adamid, et al,,Amer J. Ophthal, Vol. 118, pp. 
445-450 (1994); K. Takahashi, at al.,/. Clin, Invest,, m93, 
pp.2357-2364 (1994); D. J. Peacock, ct aL, /. E^. MedLy < 
Vol. 175, pp, 113^1138 (1992)i B» J. NfcKolOff, iji.,Am i 
/. Pathol, V6L 44, pp. 820-528 (1994); J. Fblkman, Steroid eo 
Hormones and Utenrte Bleeding, N. J. Alexander and C. 1 
d'Arcangues, Eds., American Association for the Advance- t 
ment of Science Press, Washington, D.C., U.S.A., pp. 1 
144-158 (1992)]. i 

Thus, clearly methods of blocldng the mediardsm of 65 ^ 
ai^ogenesis are necessary. The basic mechanism of angio- 
genesis is as follows- Briefly, when a new capillary sprout ; 



)28,075 

2 

grows from the side of the venule, endothelial cells degrade 
basement membrane, migrate toward an angiogenic source, 
proliferate, form a lumea, join the tips of two sprouts to 
generate a capillary loop, and manufacture new basement 
5 membrane [J. Folkman, Perspectives in Biology and 
Medicine, Vol, 29, pp. 1-36 (1985)]. 

Degradation and remodeling of the ECM are essential 
processes for the mechanism of angiogenesis. In addition, 
' ECM components synthesized by endothelial cells (i.e., 
^ collagens, laminin, thrombospondin, fibronectin and 
' SPARC) function to regulate endothelial cell growth, migra- 
^ tion and shape [J. Bischoff, Trends Cell Biol, No. 5, pp. 
69-74 (1995)]. Bovine aortic endothelial cells (BAE) under- 
going sprouting and tube formation synthesize type I col- 

lagen and SPARC. It was proposed that type I collagen may 

I be involved in directing migration and assembly of the BAE 
cells [M. L, Iruela-Arispe, et aL, Lab. Invest., No. 64, pp. 
, 174-186 (1991). It was also found that exogenous type I 
I collagen promoted rapid tube formation by confluent human 
. dermal microvascular endothelial cells [C. J. Jackson and K, 
L. Jenkins, Exp. Cell Res,, No. 192, pp. 319-323 (1991)]. 
The tubes contained collagen fibrils in the luminal spaces, 
r suggesting that the endothelial cells use the fibrils to fold and 
1 a%n into tube structures. 

i ^5 Furthermore, in order to extend a capillary blood vessel, 
interactions must occur between ECM components and the 
surrounding matrix molecules, which provide a scaffold for 
the ECM components of the new vessel [Brooks, P. C. et al, 

> Cell, Vol 79, p. 1157-1164, (1994)]. Dismption of ceU- 

> matrix interactions induced apoptosis in human endothelial 
; ceUs. It has been demonstrated that integrin 02^3, which has 

an enhanced expression in angiogenic vascular cells, pro- 
i motes a survival signal, since inhibitors of this integrin cause 
unscheduled apoptosis and disintegration of newly formed 
I 2j blood vessels. 

In order to treat angiogenesis-related diseases, several 
inhibitors of the above mechanism of angiogenesis are being 
studied, including platelet factor 4, the fumag;illin derivative 
AGM 1470, Interferon o^a, thrombospondin, angiostatic 

4Q Steroids, and angiostatin [J. Folkman, ibid., (1995); M. S. 
O'Reilly, et al., ibid. (1994); V. Castle, et al., X Clin. Invest., 
Vol. 87, pp.1183-1888; D. Ingber, et al.. Nature, Vol 348, 
pp. 555-557], All of these compounds have disadvantages. 
For example, endostatin and angiostatin are proteins, so that 

45 they have all of the disadvantages of proteins, including the 
requirement for being administered parenterally. Therefore, 
a non-protein inhibitor which would selectively block the 
underlying mechanism of angiogenesis without adversely 
affecting other physiological functions, and which could be 

5Q administered by many different routes, would be extremely 
useful. 

In addition, many of the compounds that are now being 
evaluated as antiaogjogenic agents are proteins, e.g., 
antibodies, thrombospondin, angiostatin, platelet factor IV 
55 [J. Folkman, ibid. (1995); M. S. O^Reilly, et al., ibid. (1994); 
V. Castle, et al, ibid., R C. Brooks, et al., ibid. (1994)], 
which suffer from poor bioavailability and are readily 

depded in the body. Hence, these substances should be 

administered in high doses and frequencies. 

60 Other approaches for cancer treatment focus on cytotoxic 
therapies, such as chemotherapy or radiation treatments, in 
order to kill actively proliferating cells. Unfortunately, these 
therapies are highly toxic to non-cancer cells and cause 
severe side effects, such as bone marrow suppression, hair 

65 loss and gastrointestinal disturbances. 

As noted above, degradation and remodeling of the ECM 
are essential processes for the mechanism of angiogenesis. 
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Such processes involve the synthesis of a number of com- 
ponents of the ECM, such as coEs^ea. The synthesis of 
collagen is also involved in a number of other pathological 
conditions. For example, clinical conditions and disorders 
associated with primary or secondary fibrosis, such as sys- 5 
temic sclero^, graft-versus-host disease (GVHD), pulmo- 
nary and hepatic fibrosis and a large variety of autoimmune 
disorders, are distiagaisbed by excessive production Ot 
connective tissue, which resailts in the destruction of nonnal 

tissue architecture and fimction. These diseases can best be 
interpreted in terms of pertuibatiODS in ceEular fimctions, a 
major manifestation of which is excessive collagen synthesis 
and deposition. Hie crucial role of collagco in fibrosis has 
prompted attempts to develop drugs that inhibit its accamu- 
lation [K. J. KiviriMco, Anmls of Medicine, Vol^5, pp. 
llS-126 (1993)]. 

Such drugs can act by modulating the synthesis of the 
procollagen polypeptide chains, or by inhibiting specific 
post-translatioaal events, which will lead either to reduced 

formation of extra-cellular collagen fibers or to an accumu- 
lation of fibers with altered properties. Unfortunately, only a 
few inhibitors of collagen synthesis are available, despite the 
importance of this protein in sustainii^ tissue int^xity and ^ 
its involvement in various disorders. 

For example, cytotoxic drugs have been used in an 
attempt to slow the proliferation of coflagen-produdng 
fibroblasts p. A. Casas, et al.. Am. Rhem Dis,, Vol. 46. p. 
763 (1987)], such as colchicine, which slows collagen 
secretion into the extracellular matrix [D. Kershenobich, et 
aL, N. Engl J. Med., Vol. 318, p. 1709 (1988)1 as weU as 
inhibitors of key collagen metabolism enzymes (K. 
Karvoncn, et al., /. Biol Chem,, Vol. 265, p. 8414 (1990); C. 
J. CunHffe, et al„X Med. Chem,, 35, p.2652 (1992)]. 

Unfortunately, none of these inhibitors are coUagen-type 
specific. Also, there are serious concerns about the toxic 
consequences of interfering with biosynthesis of other vital 
collagenous molecules, such as Clq in the classical oomple- ^ 
ment pathway, acetylcholine esterase of the neuro-muscular 
junction endplate, conglutinin and pulmonary surfactant 
apoprotein. 

Other drugs which can inhibit collagen synthesis, such as 45 
nifedipine and phenytoin, inhibit synthesis of other proteins 
as well, thereby non-speci&cally blocking the collagen bio- 
synthetic pathway [T. Salo, et al.,/. Oral Pathol Med., Vol. 
19, p. 404 (1990)]. 

Collagen aoss-Ming iiihibite, such as 0 -ancuno- 

propionitrile, are also non-specific, altho^h they can serve 
as useftd anti-fibrotic agents. Their prolonged use causes 
lathritic syndrome and interferes with elastogenesis, since ; 
clastin, another fibrous connective tissue protein, is ako 55 : 
cross-linked. In addition, the collagen cross-linking inhibi- 
tory effect is secondary, and coUagen overproduction has to 
precede its degradation by coliagenase. Thus, a type-specific 
inhibitor of the synthesis of collagen itself is clearly required * 
as an anti-fibrotic agent, ^ * 

Such a type-specific collagen synthesis inhibitor is dis- 
closed in U.S. patent application Ser. No. 08/181,066 for the 
treatment of a fibrotic condition, restenosis or glomerulo- < 

sclerosis. ITiis specific inhibitor is a composition with a es \ 
pharmaceutically effective amount of a phannaceutically ; 
active compound of a formula: 1 
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wherein: 

is a member of the group consisting of hydrogen, 
halogen, nitre, benzo, lower alkyl, phenyl and lower 
aUcoxy; 

is a member of the group consisting of hydroxy, 
15 acetoxy and lower alkoxy, and 

Rg is a member of the group consisting of hydrogen and 
lower alkenoxy-carbonyl. Of this group of compounds, 
Halofiiginone has been found to be particularly effec- 
tive for such treatment. 
20 U.S. Pat. No. 5,449,678 discloses that these compounds 
are effective in the treatment of fibrotic conditions such as 
scleroderma and GVHD. WO No. 96/06616 further dis- 
closes that these compounds are effective in treating rest- 
enosis. The two former conditions are associated with exces- 
25 sive collagen deposition, which can be inhibited by 
Halofuginone. Restenosis is characterized by smooth muscle 
cell proliferation and extracellular matrix accumulation 

within the lumen of affected blood vessels in response to a 

vascular injury [Choi et al, ArcA. Surg., Vol. 130, p. 257-261 

30 (1995)]. One halbuark of such smooth muscle cell prolif- 
eration is a phenotypic alteration, from the normal contrac- 
tile phenotype to a synthetic one. Type I collagen has been 
shown to support such a phenotypic alteration, which can be 
blocked by Halofuginone [Choi et z[,,ArcK Surg., Vol. 130, 

35 p. 257-261 (1995); U.S. Pat. No. 5,449,678]. Thus, 
Halofuginone can prevent such differentiation of smooth 
muscle cells after vascular injury by blocking the synthesis 
of type I collagen. Other in vitro studies show that Halofugi- 
none can also inhibit the proliferation of 3T3 fibroblast cells 

40 [U.S. Pat No. 5,449,678]. 

However, the in vitro action of Halofuginone does not 
always predict its in vivo effects. For example, Halofugi- 
none inhibits the synthesis of collagen type I in bone 
chrondrocytes in vitro, as demonstrated in U.S. Pat. No. 

45 5,449,678. However, chickens treated with Halofuginone 
were not reported to have an increased rate of bone 
breakage, indicating that the effect is not seen in vivo. Thus, 
the exact behavior of Halofuginone in vivo cannot always be 
predicted from in vitro studies. 

50 Furthermore, the ability of Halofuginone or other related 
quinoHnones to block or inhibit physiological processes 
related to tumor growth and progression is not known in the 
prior art. Although Halofuginone has been shown to have a 
specific inhibitory effect on the synthesis of type I collagen, 

55 such inhibition has not been previously shown to slow or 
halt tumor progression, particularly in vivo. 

There is thus a widely recognized unmet medical need for 
an inhibitor of tumor progression which is particularly 
effective in vivo, substantially without adversely affecting 

60 other physiological processes. 

SUMMARY OF THE INVENTION 

Unexpectedly, it has been found, as described in the 
examples below, that Halofuginoi^ can also slow or halt 
65 tumor progression in vivo, possibly by inhibiting 
angiogenesis, or by blocking ECM deposition, or possibly 
through both mechanisms, although another mechanism or 
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mechanisms could also be responsible, Whfle inhibitioE of 
ac^ogenesis and of ECM deposition, or a combination 
thereof, are proposed as plausible mechanisms, it is not 
desired to be Hroited to a single mechanism, nor is it 
necessary since the in vivo data presented below clearly ^ 
demonstrate the efficacy of Halofiiginone as an inhibitor of 
tumor progression in vivo* 

According to an embodiment of the present invention, lo 
there is provided a composition for treating a tumor, iDclud- 
ing a pharmaoeuticaUy effective amount of a compound in 
combination win a pharmaceutically acceptable carrier, the 
compound being a member of a group having a formula: 

15 



wherein: 25 

is a member of the group consisting of hydrogen, 
halogen, nitro, benzo, hw&i alkyl, phenyl, and lower 
alkoxy; 

- is a member of the group consisting of hydroxy, 
acetoxy, and lower alkoxy, and 

R3 is a member of the group consisting of hydrogen and 
lower alkenoxy. 

According to another embodiment of the present 35 
invention, there is provided a method of manufacturing a 
medicament for treating a tumor, including the step of 
placing a pharmaceutically effective amount of a compound 
in a pharmaceutically acceptable carrier, the compound 
being a member of a group having a formula: ^ 



30 




wherein: 



45 



50 



R-i is a member of the group consisting of hydrogen, 
halogen, nitro, benzo, lower alkyl, phenyl, and lower 
alkoxy; 55 

is a member of the group consistmg of hydroxy, 
acetoxy, and lower alkoxy, aad 
R3 is a member of the group consisting of hydrogen and 

louver alkenoxy-caibonyL ^ 
According to yet another embodiment of the present 
invention, there is provided a method of manufacturing a 
medicament for substantially inhibiting neovascularization, 
including the step of placing a pharmaceutically effective 
amount of a compouffii in a pharmaceutically acceptable es 
carrier, the compound being a member of a group having a 
formula: 
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iQ wherein: 

Ri is a member of the group consisting of hydrogen, 
halogen, nitro, benzo, lower alkyl, phenyl, and lower 
alkoxy; 

is a member of the group consisting of hydroxy, 
acetoxy, and lower alkoxy, and 
R3 is a member of the group consistii^ of hydrogen and 

lower alkeDOxy-carbonyl. 
According to still another embodiment of the present 
20 invention, there is provided a method for the treatment of 
angiogenesis in a subject, including the step of administer- 
ing a pharmaceuticaUy efEective amount of a compound 
having a formula: 



25 




30 O R3 



wherein: 

Rj is a member of the group consisting of hydrogen, 
35 halogen, nitro, benzo, lower alkyl, phenyl, and lower 
alkoxy; 

R2 is a member of the group consisting of hydroxy, 
acetoxy and lower alkoxy, and 

R3 is a member of the group consisting of hydrogen and 
lower alkenoxy-carbonyl. 

According to still another embodiment of the present 
invention there is provided a method for the treatment of a 
tumor in a subject, including the step of administering a 
pharmaceutically effective amount of a compound having a 
formula: 



50 




O R3 



55 wherein: 

Rj is a member of the group consisting of hydrogen, 
halogen, nitro, benzo, lower alkyl, phenyl and lower 
alkoxy; 

go R2 is a member of the group consisting of hydroxy, 
acetoxy and lower alkoxy, and 
R3 is a member of the group consisting of hydrogen and 

lower alkenoxy-carbonyl. 
There is also provided a composition for inhibiting cell 
65 proliferation enabled by a deposition of an e:xtracellular 
matrix, including a pharmaceutically effective amount of a 
compound having a formula: 
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wherein: 

is a mernber of the group consisting of hydrogen, 
halogeo, nitre, beozo, lower alkyl, phenyl and lower 
alkoxy; 

R2 is a member of the group consisting of hydroxy, 
acetoxy and lower alkoxy, and 

R3 is a member of the group consisting of hydrogen and 
lower alkenoxy-carbonyl. 

Preferably, the specific compoxmd in each of the above 
embodiments is Halofuginone. 

While the invention will now be described in connection 
with certain preferred embodiments in the following figures ^ 
and examples so that aspects thereof may be more fiilly 
understood and appreciated, it is not intended to limit the 
invention to these particular embodiments. On the contrary, 
it is intended to cover all alternatives, modifications and 
equivalents as may be included within the scope of the ^ 
invention as defined by the appended claims. Thus, the 
following figures and cxatoplcs -w^ch include preferred 
embodiments will serve to illustrate the practice of this 
invention, it being understood that the particulars shown are 
by way of example and for purposes of iHustrative discus- ^ 
sion of preferred embodiments of the present invention only, 
and are presented in the cause of providijog what is believed 
to be the most useful and readily understood description of 
formulation procedures as weU as of the principles and 
conceptual aspects of the invention. 

BRIEF DESCRIFnON OF THE DRAWINGS 

The invention is herein descnfoed, by way of example 
only, with reference to the accompanying drawings, 
wherein: 40 

FIGS, lA-lF illustrate the inhibition and apoptosis of in 
vivo tumor growth in mice by Halofuginone; 

HGS. 2A and 2B show the effect of Halofuginone on 
^H-thymidine incorporation into bovine aortic endothelial 
cells maintained in culture, in the absence or the presence of 
bovine fibroblast growth factor (bFGF); 

FIGS. 3A and 3B illustrate the inhibitory effect of 
Halofuginone on the organization of bovine aortic endothe- 
lial cells into capillary-like networks; 

FIGS. 4 A and 4B piclorially illustrate the inhibitory effect 
of Halofaginone on microvessel formation from rat aortic 
rings embedded in type I collagen gel; 

FIG, 5 is a dose-response curve of the inhibitory effect of 
Halofuginone on microvessel formation, using the coUagen 
Type I embedded rat aortic rings qf FIGS. 4A and 4B; 

FIG, 6 demonstrates the reversibility of the inhibitory 
effect of Halofuginone; 

FIG. 7 shows the effect of Habfuginone on sulfate 
incorporation into the subendothelial ECM with bovine go 
corneal endothelial cells; 

HGS. 8A-8D compare the effect of Halofugjaiooe on 
incoiporation of sulfate, proline, lysine and glycine into the 
ECM by bovine corneal endothelial ceUs; 

FIGS. 9A-9D ilhistrate the effect of Halofuginone on 65 
sulfate and glycine incorporation into the ECM of rat 
mesengial cells; 
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FIGS. IQA and lOB illustrate the inhibitory effect of 
Halofuginone on in vivo oeovascularization in the eyes of 
mice; 

FIGS. IIA and IIB illustrate the effect of Halofuginone 
5 on ^H-thymidine incorporation and proliferation of human 
leiomyosarcoma tumor cells; and 

FIG, 12 illustrates the inhibition of collagen I gene 
expression by Halofugiaone. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

r Unexpectedly, it has been found, as described in the 
examples below, that Halofuginone can also slow or halt 
^ tumor progression in vivo, possibly by inhibiting angiogen- 
esis or by substantially completely inhibiting deposition of 
1 ECM components, or a combination thereof^ although 
another mechanism or mechanisms could also be respon- 
; sible. Indeed, irrespective of the specific mechanism, the 
data presented below clearly demonstrate the ef&cacy of 
J Halofiiginone in vivo at iohiiting tumor progression. 
; 20 Such a finding is unexpected for three reasons. First, the 
^ behavior of Halofuginone in vitro does not exactly corre- 
spond to its behavior in vivo. This can be demonstrated by 
the differential effect of Halofuginone observed with bone 
j chondrocytes in vivo and in vitro. Halofuginone inhibits the 
25 synthesis of collagen type I in chrondrocytes m vitro, as 
[ demonstrated in U.S. Pat. No. 5,449,678. However, chickens 
j treated with Halofuginone were not reported to have an 
^ increased rate of bone breakage, indicating that the effect is 
* not seen ia vivo. Thus, the exact behavior of Halofuginone 
' in vivo cannot always be predicted from in vitro studies. 

Second, the only previously known examples of the 
> inhibition of ceU proliferation by Halofuginone involved 
^ either smooth muscle cells which had become phenotypi- 

- cally altered in response to a vascular injury, or 3T3 fibro- 
1 blasts [WO No. 96/06616 and Choi et al.,^nr/i, Surg., Vol. 

130, p. 257-261 (1995)]. These cells simply proliferated 
without organization. By contrast, angiogenesis involves the 
formation of highly organized vascular structures. Thus, the 

' finding that Halofuginone can inhibit such angiogenesis is 
both novel and non-obvious, 
^ Furthermore, the examples given below clearly demon- 

i strate that Halofuginone is also effective in the inhibition of 
ceU proliferation enabled by the deposition of an extracel- 

i hilar matrix, in vivo as well as in vitro. Such specific 

I inhibition has never been demonstrated before, particularly 

- 45 in vivo. 

Thus, nothing in the prior art taught or suggested that 
Halofuginone would be useful in the treatment of malignan- 
cies in vivo. Furthermore, the abihty of Halofuginone, and 
related compounds, to slow or halt tumor progression, and to 

50 inhibit cell proliferation enabled by the deposition of an 
extracellular matrix, is both novel and non-obvious. The 
demonstration of such an ability in vivo is particularly 
tmexpected, given the differential responses seen in vitro and 
in vivo to Halofuginone. 
^ 55 The present invention may be more readily understood 
with reference to the following illustrative examples and 
figures. It should be noted that although reference is made 
exclusively to Halofuginone, it is believed that the other 
quinazolinone derivatives described and claimed in U.S. Pat. 

50 No. 3,320,124, the teachings of which are incorporated 
herein by reference, have similar properties. 

EXAMPLE 1 

Inhibition of In \^vo Tumor Growth in Mice by 
Halofuginone 

The inhibition of growth of two different tumors was 
examined in vivo in mice. The first type of tumor was T50 
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bladder cardooma in C3H mioe, and the second type was 
EHS sarcoma in C57BL/6 mice. Unexpectedly, H^ofilgi- 
none was shown to have a significant inhibitory effect on 
tumor growth and progression in these in vivo models. 
Quantitative results are shown in FIGS, lA, IB and IC. A 5 
photograph of control and halofiiginone treated mice is 
presented in HG. ID, Photographs of the tumors excised 
from control mice and mice fed with halojftiginone contain- 
ing diet (5 and 10 mg/kg food) are presented in FIG. IE. 
Histological sections of the tumors are presented in FIG. IF. 

C3H mice were divided into two groups (6 mice each). 
The experimental group received a diet containing 5 mg/kg 
of Halofi^mone 3 days prior to the iijection of T50 bladder 
carcinoma cells and during 2 wecls after. Cultured T50 
cells, a more aggressive variant of the diemically induced 
MBT2 mouse bladder carcinoma, were dissociated with 
trypsin/EDTAinto a sii^e cell suspension (10* cells/ml) in 
growth medium and inoculated s.c. in two sites on the dorsa 
of mice. The right side received 0.4* cells, and the left 
side received 2*10^ cells. The tumor size was estimated by 
measurement of tumor length in two directions, using the 20 
formula V«LW^/2, where V is volume, L is leng& and W is 
width. At the end of the experiment at day 17, the mice were 
weighed, the tumors were excised and a sample of the tumor 
tissue was fixed and processed for histological examination 

Tmnor aze in C3H mice which were fed with Halofogi- 25 
none was significantly reduced, by about 70-80%, as com- 
pared to control mice maintained on a normal diet, as shown 
in FIGS. lAand IB. The anti-tumor effect of Halofuginone 
was <^>served both at the high tumor cell dose, with a volume 
of 5.0a3.07 cm^ for control mice and 1.0±0.92 cm^ for 30 
Halofugiaone containing diet, and the low tumor cell dose, 
with a volume of 1.63±0.98 cm^ for control mice and 
0.29+0.28 cm^ for Halofuginone fed mice. Furthermore, the 
overall weight of the Halofuginone treated C3H mice was 
lower than the Weight of the untreated mice, 24±3,1 g and 35 
40s3.8 g, respectively, due to the lower tumor burden. Data 
for all mice are shown in Table 1, 

TABUS 1 

40 

Effect of Halofagmaiie on T50 Tktmor Size fcm^) 

Sanqile - Haloftiginofle + Halofa^otne 



No. 0.4 * 10* cells 2 * 10* cells 0.4 • IQ? ceUs 2 * 10^ ceUs 



1 


2-6 


4.3 


0.036 


0.7 


2 


2J 


10.1 


0.064 


0.1 


3 


0.4 


6.1 


0.J50 


11 


4 


1,0 


6.6 


0.730 


2.0 


5 


0.9 


0.7 


0.510 


3.1 


6 


2,2 


2.2 


NA 


NA 



45 



50 



Animals bearing Engelbreth-Holm-Swarm (EHS) tumors 
were sacrificed and the tumor tissue was excised and minced 
under aseptic conditions. The EHS tumor is characterized by 
a large amoxmt of basement membrane components. A 55 
suspension of the tumor tissue in 0,2 ml of PBS was injected 
subcutaneously in the dorsal posterior region of C57BL/6 
male mice. The mice were divided into two groups of 10 
mice each. The ammak of the experimraital group were fed 
with a diet containing 5 mg/kg Halofuginone for 3 days prior 60 
to tumor injection and during 3 weeks afier. The. tumor size 
was estimated by measurement of tumor length in two 
directions, ii^ng the formula V=LW%. On the final day of 
the experiment, ie., 20 days after tumor injection, the mice 
were weighed, the tumors weie excised and a sample of the 65 
tumor tissue was fixed and processed for histological exami- 
nation. 
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Tumor size in C57BL/6 mice which were fed Halofugi- 
none was reduced by about 75% as compared to control 
mice, with volumes of 1.72±1.85 cm^ and 8.15±4.88 cm^ 
respectively, as shown in FIG. IC. The anti-tumor effect of 
^ Halofiiginone was reflected by the nearly normal weight of 
Halofuginone-fed mice, 19.7±0.47 g, as opposed to approxi- 
mately 1.6 fold higher weight of control mice, 33.3±2.49 g, 
due to the tumor burden. Data for all mice are shown in 
Table 2. 

TABLE 2 



Effect of tfalofiieinone on EHS Tumor Size 



Sample No. 


- Halofugiiioae 


+ Ifelofiiginone 


1 


12.6 


13 


2 


5.8 


1.2 


3 


3.2 


1.3 


4 


12,6 


1.7 


5 


4.9 


0 


6 


6.8 


0 


7 


4.9 


2.2 


8 


18.9 


0.04 


9 


2.S 


6.5 


10 


90 


3.0 



Histological sections of the tumors were subjected to 
tunnel staining [Gavrieli, Y et ai. J, Cell Biol Vol. 119. pp 
493-501, 1992], in order to evaluate the extent of tumor cell 
necrosis and apoptosis. As demonstrated in FIG. IF panel B, 
the majority of cells in tumor sections derived from 
halofuginone treated mice exhibited an intense stairdng, as 
compared to only a small percentage of the cells that were 
stained in sections derived from tumors in untreated mice 
(FIG. IF, panel A). The high degree of cell apoptosis and 
necrosis in halofuginone treated tumors is in dl likelihood 
due to an inhibition of angiogenesis and ECM deposition, 
both critical factors supporting growth and survival of the 
tumor cells. 

EXAMPLE 2 

Halofuginone-Induced Inhibition of ^H-Thymidine 
Incorporation into Vascular Endothelial Cells 

Cultures of vascular endothelial ceUs were established 
from bovine aorta as previously described [D, 
Gospodarowicz, et al.,Pn)c. Natl Acad. Sci. USA., Vol. 73, 
p. 4120 (1979)]. Bovine aortic endothelial cells were plated 
(4x10^ cells/16 mm well) in DMEM (1 g glucose/liter) 
45 supplemented with 10% calf serum, 50 U/ml penicillin, and 
50 j«g/ml streptomycin at 37** C. in 10% CO2 humidified 
incubators. 

Four days after plating, the subconfluent cells were 
exposed to increasing concentrations of Halofuginone 
(100-500 ng/ml), in the absence or presence of 1 ng/ml 
bFGE ^H-thymidine (1 /^Ci/well) was then added for an 
additional 48 hours, and DNA synthesis was assayed by 
measuring the radioactivity incorporated into trichloroacetic 
add insoluble material [M. Benezra, et al., Cancer Res., Vol. 
52, pp. 5656-5662 (1992); I. Vlodavsky, et al., Proc. Natl 

^5 Acad. Sci. U.S.A., Vol. 84, pp. 2292-2296 (1987)], 

FIG. 2A shows the results obtained in the absence of 
bFGE, while FIG. 2B shows the results obtained in the 
presence of bFGE As demonstrated in FIGS. 2A and 2B, 
50% inhibition of ^H-thymidine incorporation was obtained 

60 at 1(X) ng/ml Halofuginone, regardless of whether or not 
bFGF (1 ng/ml) was added to the culture medium. 

EXAMPLES 

Organization of Endothelial Cells into Capillary- 
65 Like Networks 

Halofuginone was found to prevent the organization of 
endothelial cells into a defined structure, and specifically 
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inhibited the organization of these cells into capillary-like 
networks. Results are shown in FIGS. 3A and SB- 
Type I collagen was pr^ared fitom the tail tendons of 
adult Sprague-Dawley rats. Briefly, the collagen fibers were 
solubilized by a slow siring for 48 h at 4* C. in a sterile, $ 
1/1000 (yN) acetic acid solution (300 ml for 1 g of collagen). 
The resulting solution was filtered trough a sterile triple 
gauze and centri&ged at 16,000 g for 1 h at 4"* C. The 
supernatant was then extensively dialyzed against 1/10 
DMEM and stored at 4* C. The collagen matrix gel was 
obtained by simultaneously raising the pH and ionic strength 
of the collagen solution. For this purpose, 7 vol of collagen 
solution were quickly mixed with 1 vol of lOx Minimum 
Essential Medium and 2 vol sodium bicarbonate (0.15M) [R. 
E Nicosa and A. Ottinetti, Lab, Invest.^ Vol 63, pp. 115-122 
(1990)]. ^ 

Boviae aortic endothelial cells were seeded into 16 mm 
wells of a 24-well plate and allowed to grow for 24 h, to 
obtain a subconfluent monolayer. The culture medium was 
then removed and 0.4 ml of the cold collagen mixture 
described above were poured on top of the cell monolayer ^ 
and allowed to polymerize for 10 min at 3T* C. Fresh 
meditmi (0.6 ml), containhag bPGF (1 ng/ml) and heparin (1 
^ml), with (FIG, 2B) or without (FIG. 2A) 0,1 j^f^ of 
Halofiiginone, was added after the collagen had gelled. The 
reorganization of the endothelial cell monolayer was moni- ^ 
tored and photographed with a Zeiss inverted phase contrast 
photomicroscope [R. Monesano, et al., J. CellBioL, Vol. 97, 
pp. 1648-1652 (1983)]. 

FIG. 3A illustrates the organization of endothelial ceUs ^ 
into capiQary-like networks. Such organization is inhibited 
by Haiofiiginoae, as demonstrated by FIG. 3B. Halofiigi- 
none completely inhibited the invasion of the endothelial 
cells into the collagen gel and their subsequent organization 
into a network of branching and anastomosing capOlary-like 
tubes. 

EXAMPI£4 
Microvessel Formation 

Halofuginone was ^own to inhibit microvessel formation 
from rings of aortic tissues taken fcom rats. This efBect was 
also shown to be reversible upon removal of Halofugiaone. 
Results are shown in FIGS, 4A, 4B, 5 and 6. 

Thoracic aortas were obtained fi-om 1- to 2-month-old SD 
(Sprague-Dawley) rats sacrificed by decapitation [R. F. 45 
Nicosia and A, Ottinetti, Laf?. Invest.^ W. 63, pp. 115-122 
(1990)]. The aortas were immediately transferred to a Petri 
dish with PBS. The fibro-adipose tissue around the aorta was 
carefully removed under a dissecting microscope, and 1 
mm-long aortic rings were sectioned and extensively rinsed 50 
in PBS. 

lype I collagen solution (0.2 ml) was added to each 
16-mm well and gellation was allowed for 15 min at 37** C, 
Each aorta ring was transferred and positioned to the center 
of the gel and another 0.4 ml of the collagen solution was 55 
carefully poured on top of the ring. After the gel was formed, 
0.4 ml of semm-firee, endothelial growth medium, with or 
without 0.1 /ig/ml Halofuginone, was added and the medium 
was changed every other day. 

FIG. 4A shows the culture at day 10, when the newly- 60 : 
formed branching microvessels were developed from the J 
end of resection of the aorta, giving rise to loops and 
networks, FIG, 4B shows the same culture treated with 0.1 ' 
^ml halofuginone, replaced every other day. Under these < 
conditions, singje cells were n%ratii^ from the aortic ring 65 ] 
toward the periphery, but failed to align into microvessel 
tubes. 1 
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FIG. 5 shows this effect quantitatively, at increasing doses 
of Halofuginone. An almost complete inhibition of 
microvessel formation was obtained at 100 ng/ml Halofugi- 
none. Complete inhibition was observed in the presence of 
. 5 250 ng/ml Halofuginone. This effect was reversed upon 
removal of the drug on day 2, as shown in HG. 6. Such 
removal resulted in microvessel formation, similar to that 
seen with imtreated aortic rings. 

. EXAMPLES 

Halofuginone Inhibition of Sulfate Incorporation 
into ECM of Cultured Endothelial Cells 

Halofuginone was shown to have an inhibitory effect on 
' -J 5 the deposition of ECM (extracellular m atrix components), as 
shown in FIG. 7 and in other examples below. 

Cultures of bovine corneal endothelial ceUs were estab- 
lished from steer eyes and maintained as previously 
described [D. Gospodarowicz, et al., Exp. Eye Res., No. 25, 
. 20 pp. 75-89 (1977)]. Cells were cultured at ST C. in 10% COj 
faimiidified incubators and the experiments were performed 
with early (3-8) cell passages. 

For preparation of sulfate-labeHed ECM (extra-cellular 
matrix), corneal endothelial cells were seeded into 4- well 
25 plates at a confluent density forming, within 4-6 h, a contact 
inhibited cell monolayer composed of closely apposed^ and 
growth arrested cells. Under these conditions, the cells 
remained viable and retained their normal monolayer con- 
figuration and morphological appearance up to a concentra- 
i 30 tion of 2 figlwl halofuginone. Na2p^S]04 (540-590 mCi/ 
mmol) was added (40 /iCi/ml) one and five days after 
seeding and the cultures were incubated without medium 
change. At various intervals after seeding, the subendothelial 
ECM was exposed by dissolving (5 min., room temperature) 
35 the cell layer with PBS containing 0.5% Triton X-lOO and 20 
mM NH4OH, followed fay four washes in PBS [I Vlodavsky, 
et al.. Cancer Res,, Vol. 43, pp. 2704-2711 (1983); I. 
Vlodavsky, et al,. Proa Natl, Acad. Sd. USA, VoL84 
pp.2292-2296 (198^)]. To determine the total amount of 
' 40 sulfate labeled material, the ECM was digested with trypsin 
(25 /fg/ml, 24 h, 37° C.) and the solubihzed material counted 
in a p-counter. 

FIG. 7 shows the almost complete inhibitioa of sulfate 
incorporation by 1 /(g/ml Halofuginone, while 50% inhibi- 
ts tion was obtained in the presence of 0.2 ^ag/ml of the drug. 

EXAMPLE 6 

Inhibition of Incorporation of Sulfate, Prohne, 
Lysine and Glycine into ECM of Bovine Corneal 
Endothelial Cells 

Corneal endothelial cells were seeded at a confluent 
density and grown as described in Example 5 above. The 
cells were cultured with or without Halofuginone in the 

. 55 presence of either Na2^^S04 (FIG. 8A), ^H-proline (HG. 
SB), ^^C-lysine (FIG. 8C) or '^C-glydne (FIG. 8D), Eight 
days after seeding, the cell layer was dissolved substantially 
as described in Example 5 above. The underlying ECM was 
then either trypsinized to determine the effect of Halofugi- 

- 60 none on incorporation of labeled material into total protein, 
substantially as described in Example 5 above, or subjected 

[ to sequential d%estions with collagenase and trypsin to 
evaluate the effect of Halofuginone on both collagenase- 
di^estible proteins (CDF) and non-collagenase digestible 
65 proteins (NCDP). 

As FIGS. 8A-8D show, Halofuginone inhibited the incor- 
poration of sulfate, proline, lysine and glycine into both CDP 
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and NCDP, reflecting a profound inhibition of matrix depo- 
sition. The inhibitory ejBfect of Halofttginone oa deposition 
of ECM components other than collagen is most likely due 
to the involvement of collagen in the assembly of other 
constituents into the supramolecular structure of the ECM. 5 
Alternatively, Halofuginone may affect the synthesis of 
ECM components other than collagen, posably through a 
common transcription factor or cytokine such as TGFp, 
which affects the synthesis and deposition of several ECM 
components. lO 

EXAMPLE? 

Inhibition of Sulfate and Glycine Incorporation into 
Rat Mesengial Cell ECM 

Rat mesengial cells were grown to confluency, 24 hours 
after seeding. The cells were then cultured with or without 
Halofiiginone in the presence of either Na^^SO^ (FIGS. 9A 
and 9B) or ^^C-glycine (FIGS. 9C and 9D). Eight days after 
seeding, the ceU layer was dissolved to txpos^ the imder- 
lying ECM^ washed and dige^ed with collagenase to deter- 
mine tlie effect of Halofu^one on GDP proteins, as shown 
in FIGS. 9A and 9C. The remaining material was digested 
with trypsin and subjected to ^-scintillation counting to 
determine the effect of Halofuginone on NCDP proteins, as 
shown in FIGS. 9B and 9D. 

About 30% inhibition of sulfate incorporation was seen 
for CDF proteins, vMe about 70% inhibition was seen for 
NCDP proteins in the presence of 200 ng/ml Halofuginone. 
It should be noted that the inhibition of ECM deposition by 
Halo&ginone was not due to its anti-prohferative activity 
since the drug was added to hig^ily confluent, non-dividing 
cells. Since inorganic sulfate is incorporated primarily into 
sulfated glycosaminoglycans and not into collagen, it is 
conceivable that by inhibiting type I coUagen synthesis, 
Halofuginone interferes with the assembly of other ECM 
macromolecuies, such as heparin sulfate proteo^ycans, 
which are knovm to specifically interact with collagen to 
fonn ECM. 

About 80% inhibition of glycine incorporation was seen 
for both CDP and NCDP proteins in the presence of 50 
ng/ml Halofuginone, The inhibitory effect of Halofuginone 
on deposition of collagenase-digestfcle ECM proteins Was 
more pronounced with glycine than with sulfate labeled 
matrix since tmlike glycine, sulfate is incorporated primarily 
into glucosaminoglycans winch are not degraded by colla- 
genase. A profound inhibition of ECM deposition was 
supported by a miaoscopic examination of the denuded 
culture dishes, revealing a thin or non-existant layer of ECM 
produced in the presence of Halofuginone. 

EXAMPLE 8 

Inhibitory Effect of Halofuginone on In Mvo 
Neovascularization 

Halofuginone was shown to inhibit angiogenesis in an tQ 
vivo model. Such an inhibitory effect also demonstrates the 
ability of Halofuginone to inhibit cell proliferation which is 
enabled by the deposition of ECM components. Results are so 
given in FIGS. lOA and lOB, and in Table 3 below. 

A mmine corneal angiogenesis model was used to evalu- 
ate the inhibitory effect of Halofu^ooe in vivo. The 
angiogenic factor bFGF was applied into a corneal pocket in 
a pellet made of a slow release polymer, as described below, 65 
and Habfu^one (2 /ig/mouse/day) was administered i.p. 
for 5 consecutive days. 
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The pellets were made of the slow-release polymer 
Hydron (polyhydroxyethylmethacrylate [polyHEMA], 
Interferon Sciences, NJ.) containing sucralfate alone, or 
sucralfate and bFGE A suspension of sterile saline 10 

5 recombinant bFGF pliis 10 mg of sucralfate was prepared 
and speed vacuumed for 5 minutes. To this suspension 10 /il 
of 12% Hydron in ethanol was added. The suspension was 
then deposited onto an autoclave sterilized, 15x15 mm piece 
of nylon mesh (TETKO, 3-300/50, approximate pore size 
0.4x0.4 mm) and embedded between the fibers resulting in 
a grid of 10x10 squares. Both sides of the mesh were tihen 
covered with a thin layer of Hydron to faydrophobically 
stabilize the pellet during implantation. These layers were 

^5 allowed to dry on a sterile petri dish for 30 minutes. 
Subsequently, the fibers of the mesh were pulled apart under 
a microscope, and about 30-40 uniformly sized pellets of 
0.4x0.4x0.2 mm, containing approximately 80-100 ng 
bFGF per peUet, were collected. Such pellets can be stored 

20 firozen at -20* C. for several weeks without loss of bioac- 
tivity. 

C57B1/6 mice of about 7-9 weeks of age were anesthe- 
tized with raethoxyflurane. The eyes were topically anes- 

^ thetized with 0.5% proparacaine, and the globe was prop- 
tosed with a jeweler's forceps. A central, intrastromal Hnear 
keratotomy of approximately 0.6 mm length was performed 
with a surgical blade and a lamellar micropocket was 
dissected towards the temporal limbus. The temporal extent 

30 of the pocket was within 0.7-1 .0 mm of the limbus. A single 
pellet was then placed on the corneal surface at the base of 
the pocket with jeweler's forceps, and using one arm of the 
forceps, the pellet was advanced toward the temporal end of 
the pocket. Antibiotic ointment (erythromycin) was applied 

35 once to the operated eye, not only to prevent infection, but 
also to decrease irritation of the irregular ocular surface. The 
eyes were routinely examined by sHt-lamp biomicroscopy 
on post-operative days 3 through 5 following pellet implan- 
tation. 

40 

On post-operative day 5, mice were anesthetized with 
metfaoxyfiurane, the eyes were proptosed, and the maximum 
vessel length (VL) of the neovascularization zone extending 
from the base of the limbal vascular plexus toward the pellet 
was measured with a linear reticule through the slit lamp. 
The contiguous circumferential zone of neovascularization 
(CH) was measured as clock hours with a 360 degree 
reticule. The eyes were photographed on day 5 and the slides 
were used to determine the area of neovascularization, in 
square nun. 

The area of neovascularization was calculated according 
to the following formula. 

iCH *0.S)* 0.5 *VL*7r 



where A is area, CH is contiguous circumferential zone of 
neovascularization and VL is maximal vessel length. 

60 FIG. lOA demonstrates that neovascularization from the 
corneal limbus to the pellet occurred in the eyes of control 
mice. The average area of neovascularization in the control 
group was 2.66 mm^ (n=8). FIG. lOB shows that neovas- 
cularization was inhiT?ited by Halofuginone, as the average 

65 area of neovascularization was 1.90 mm^ (n-7), for an 
inhibition of about 29%. Data for all mice are shown in 
Table 3 below. 
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TABLE 3 







of Angiogeaesis 


bv Ifelofiifiinone 




VLfor 


VLfoi 


CH&r 


CHfoi 


No. 


Control 


Halofuginone 


Control 


Halofu^one 


i 


1.2 


0.9 


4 


3 


2 


1.2 


1 


4 


Z5 


3 


1.2 


1.2 


5 


4 


4 


1.1 


1 


3 


1 


5 


1,2 


1 


3 


3.5 


6 


1 


1.1 


4 


3 


7 


1.1 


1.2 


3 


3 


8 


1 


NA 


4 


NA 
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EXAMPLE 9 



Effect of Halofiiginone on ProliferatioE of Human 
Leiomyosarcoma Ibmor Cells 

20 

The effect of Habfuginone on proliferation of human 
leiomyosarcoma tumor cells was investigated. Leiomyosa- 
rcoma twnors have abimdant extracellular matrix and are 
also well vascularized [A. Ferenczy, et aL, Cancer, No. 28, 
pp. 1004-1018 (1971)]. Hieir growth is thought to be ^ 
dependent on growth factors (ie., bFGF, HB-EGF) pro- 
duced by normal and malignant myometrial cells [A. Zhang, 
et al., Endocrinology, No. 134, pp. 1089-1094 (1994); R. S. 
Mangrulker, et al, Biology of Reproduction, No. 53, 
636-646 (1995)] and locally embedded in the surrounding 
BCM p. Vlodavsky, et al., Basement Membranes: Cellular 
and Molecular Aspects f D. H. Rohrbach and R. Umpl, Eds,, 
Academic Press, Inc., Orlando, Fla., U,SA, 327-343 
(1993)]. 

Samples of human leiomyosarcoma tumors were obtaiued 35 
from women undergoing surgical hysterectomy, as 
described [R. S. Mangndker, et al., ibid]. Minced tissue was 
placed into 20 ml cold homogenization buffer: 1 M NaCl, 10 
mM Tris (pH 7.4), 1 mM EDTA, 1 mM benzamidine, 0.1% 
CHAPS, 0.01% Aprotinin (Sigma), 10 ^e^Anl leupeptin, 1 ^ 
mM AEBSF [R. S. Mangrulker, et al., ibid.]. Samples were 
homc^enized for 2 min and centrifuged at IZOOOxg for 60 
min at 4** C. The supematants were diluted 1:5 with 10 mM 
Tris (pH 7.4) to a final volume of 100 ml and filtered with 
0.45 fmx nylon filters. Cells were plated and maintained in 45 
DMEM plus 10% calf serum. The cells remained viable over 
a nmnber of passages but were used at passages 2 or 3. 

For proliferation assays, cells were plated in 96-weU 
plates at 10,000 cells/well in 200 mediimi (DMEM with 
4.5 g/L glucose, 10% calf serum, 1% glutamine, 1% 50 
penicillin/streptomycin) and incubated 2 days xmtil conflu- 
ent. 24 h after seeding, increasing concentrations of 
Halofiiginone (10-100 ng/ml) were added. The medium was 
changed to DMEM with 0.5% calf serum, 1 fM. insulin and 
5 ^M transferrin. After 24 h, the samples (5-10 ^) were 55 
added and after an additional 24 h, [^H]th)toidine (1 fiCil 
well) was added to each well. After 36-48 h incubation, the 
cells were fixed with methanol, and the DNA was precipi- 
tated with 5% trichloroacetic acid. The cells were lysed with 
150/d/weU of 0.3 N NaOH, transferred to scintillation viak, 60 
and counted on a p-coimter. As demonstrated in FIG. IIA, 
60-70% inhibition of pHJhymidine incorporation was 
obtained at IS ng/ml Halofiiginone. 

Ihe effect of Halofiiginone on proliferation of HB-EGF 
(Heparin-Binding Epidermal Growth Factor) and serum- 65 
stimulated leiomyosarcoma cells was then examined. The 
leiomyosarcoma tumor cells were growth-arrested by 48 h 
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incubation in medium containing 0.5% FCS, The cells were 
then exposed (24 h) to either 10% FCS or 10 ng/ml HB-EGF 
in the absence or presence of 10 ng/ml Halofuginone. 
pHJhymidine was then added and DNA synthesis measured 
5 36 h later. A complete inhibition of cell proliferation induced 
by both serum or HB-EGF was observed in the presence of 
Halofuginone, as shown in FIG. IIB. 

EXAMPLE 10 

10 

Inhibition of Collagen Type I Gene Expression by 
Halofuginone 

Myometrial and leiomyosarcoma cells were taken from 
the same patient and were plated into 10 cm plates in 
DMEM supplemented with 10% FCS. When the cells 
reached 80% confluence, the medium was replaced by serum 
free DMEM plus 0.1% BSA for 4S hours, washed and 
exposed to increasing concentrations of Halofuginone in the 
same medium for about 48 hours at about 37° C, The cells 
'^^ were then harvested and subjected to RNA extraction and 
Northern blot analysis for collagen type I gene expression. 
As demonstrated in FIG. 12, Halofuginone inhibited col- 
lagen type I gene expression (products at 5.4 and 4,8 kb) in 
a dose-dependent manner. Furthermore, the effect on myo- 
metriai cells (lane M4, 50 ng/ml) as compared to leiomyo- 
sarcoma (lane L6, 200 ng/ml) cells. 

EXAMPLE 11 

30 Suitable Formulations for Administration of 

Halofuginone 

Halofuginone can be administered to a subject in a 
number of ways, which are well known in the art. 

35 Hereinafter, the tenn "subject" refers to the human or lower 
animal to whom Halofuginone was administered. For 
example, administration may be done topicaEy (including 
ophtalmically, vaginally, rectally, intranasally), orally, or 
parenterally, for example by intravenous drip or 

40 intraperitoneal, subcutaneous, or intramuscular injection. 
Formulations for topical administration may include but 
are not limited to lotions, ointments, gels, creams, 
siqjpositories, drops, liquids, sprays and powders. Conven- 
tional pharmaceutical carriers, aqueous, powder or oily 

45 bases, thickeners and the like may be necessary or desirable- 
Compositions for oral administration include powders or 
granules, suspensions or solutions in water or non-aqueous 
media, sachets, capsules or tablets. Thickeners, diluents, 
flavorings, dispersing aids, emulsifiers or binders may be 

50 desirable. 

Formulations for parenteral administration may include 
but are not limited to sterile aqueous solutions which may 
also contain buffers, diluents and other suitable additives. 

Dosing is dependent on the severity of the symptoms and 
on the responsiveness of the subject to Halofuginone. Per- 
sons of ordinary skill in the art can easily determine opti- 
mum dosages, dosing methodologies and repetition rates. 

EXAMPLE 12 

60 

Method of Treatment of Malignancies 

As noted above, Halofuginone has been shown to be an 
effective inhibitor of tumor progression by inMbitii^ angio- 
65 genesis. The foDowii^ example is an illustration only of a 
method of treating malignancies v^th Halofuginone, and is 
not intended to be jimfting. 
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The method includes the step of administering 
Halofiigiaone, in a pharmaceutically acceptable carrier as 
described in Example 12 above, to a subject to be treated. 
Halofugmone is administered according to an effective 
dosing methodology, preferably until a predefined encS^oint 5 
is reached, such as the absence of a particular tumor marker 
in a sample taken from the subject 

Examples of tumors for which such a treatment would be 
effective include, but are not limited to, breast cancers sach 
as infiltrating duct carciEoma of the breast, lung, cancers 
such as small cell hing carcinoma, bone cancers, bladder 
cancers such as bladder carcinoma, ihabdomyosarcoma, 
angiosarcoma, adenocarcinoma of the colon, prostate or 
pancreas, squamous cell carcinoma of the cervix, ovarian 
cancer, malignant fibrous histiocytoma, skin cancers aich as 
malignant melanoma, leiomyosarcoma, astrocytoma, glioma 
and heptocellular carcinoma. 

EXAMPLE 13 

20 

Method of Manufacture of a Medicament 
Containmg Halofngiaone 

The following is an example of a method of manufactur- 
ing Halofuginone. First, Halofuginone is synthesized in ^5 
accordance with good j^armaceutical manufacturing prac- 
tice. Examples of methods of synthesizing Haloj&iginone, 
and related quinazplinone derivatives, are given in VS. Pat 
No. 3338,909. Next, Halofuginone is placed in a suitable 
pharmaceutical carrier, as described in Example 11 above, ^ 
sigain in accordance with good pharmaceutical manufactur- 
ing practice. 

While the invention has been described with respect to a 
limited number of embodiments, it will be appreciated that 



